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(54) HOLLOW nBER MEMBRANE MODULE, HOLLOW RBER MEMBRANE MODULE UNIT USING 
THE SAME, AND SEPTIC TANK PROVIDED WITH THE MODULE UNIT 



(57) An object is to provide a highly integrated hol- 
low fiber membrane module and hollow f ber membrane 
module unit as filtration processing devices which are 
appropriate for miniaturization, and to also provkie a 
purification tank with a hoDow fiber membrane module 
unit installed therein. To achieve this there is provided a 
hollow fiber membrane module in which at least one 
end of a hollow fiber membrane with hollow fibers 
deployed in a plane is fixed with a fixing resin to a collec- 
tor pipe In a fluid tight manner, constructed such that an 
open ended tip of the hollow fiber membrane is inserted 
into an aperture provided in the collector pipe, and in 
this condition, fixing resin is filled into the aperture and 
hardened, thereby securing the open ended hollow f ber 
memtxane to the collector pipe. Also provided is a hol- 
low fiber membrane module unit wherein a plurality of 
the lx)llow fiber membrane modules are positioned 
proximately, and a purification tank with the hollow f ber 
membrane modute units installed therein. 
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Description 

Technical Fi Id 

[0001] The present invention relates to a hollow fber 
membrane module used for filtering liquids, and in par- 
ticular relates to a hollow fiber membrane module, a hol- 
low fiber membrane module unit which utilizes the 
hollow fber membrane module, and a purification tank 
with a hollow fiber membrane module unit installed 
therein, which are suitable for fiHering liquids with high 
levels of pollutants (especially organic pollutants). 

Background Art 

[0002] Hollow fiber membrane modules have found 
many applications including the manufacture of sterile 
water, drinking water and ultra-pure water, and the puri- 
fication of air. but in recent years various investigations 
have been conducted into the use of hollow fber mem- 
brane modules for processing highly polluted water, 
including applications such as the secondary and terti- 
ary processing in sewage treatment plants, solid-liquid 
separation in purification tanks, solid-liquid separation 
of suspended solids (ss) from industrial waste water, 
direct filtration of river water in water purification plants, 
filtration of tap water for industrial use. and filtration of 
pool water. 

[0003] Examples of the use of hollow fiber membrane 
modules for processing highly polluted water include 
the hollow fiber membrane modules and hollow fber 
membrane module units formed by layering hollow fber 
membrane oKxJules. disclosed in Japanese Patent 
Application. First Publication Nos. Hei 5-261253. Hei 6- 
340. and Hei 6-342. 

[0004] FIG. 9 shows an example of a conventional hol- 
low fiber membrane module, wherein a hollow fber 
membrane nxxlule 50 is constructed of a hollow fber 
membrane 3 comprising a plurality of hollow fibers 3a 
arranged in parallel, and a pair of facing collector pipes 

1 fitted to the two extremities of the hollow fiber mem- 
brane 3. 

[0005] The collector pipes 1 have an internal passage, 
one end of which is closed, while the other end is fitted 
with a pipe 4 which connects to a suction pump, which 
is not shown in the figure. Moreover, an aperture 5 is 
located on the outer wall, and along the length of, each 
collector pipe 1 . Following insertion of the tips of the hol- 
low fiber membrane 3 into the apertures 5, a fixing resin 

2 is filled therein, which hardens and closes the aper- 
tures, thus fixing and supporting the hollow fber mem- 
brane 3 firmly in place. In this instance, the tips of the 
hollow fber membrane 3 are the extremities at either 
end of the hollow fibers 3a. The two ends of each hollow 
fiber 3a thus open out into the internal passage inside 
the collector pipe 1 . 

[0006] To us the hollow fiber membrane module 50 
outlined above for suction filtration, the h How fber 



membrane module 50 is positioned inside a tank con- 
taining th liquid to be processed, and the pipes 4 ar 
connected to a suction pump. 
[POOT] Activating the suction pump causes the inside 

5 of the hollow fibers 3a to develop a negative pressure, 
thus drawing the iiqukJ to be processed to the hollow fib- 
ers 3a. where it permeates through the hollow fibers 3a 
and is filtered, and the filtrate then passes along the hol- 
low fbers 3a into the internal passage instdes the ool- 

10 lector pipes 1 , through the pipes 4, and is then sucked 
through the suction pump and discharged. 
[0008] A plurality of hollow fiber membrane modules 
50 with the construction of this type can be arranged 
inside a tank containing the liquid to be processed, thus 

IS forming a hollow fit)er membrane module unit. By 
anranging a plurality of hollow fber membrane modules 
50 inside the tank, the total membrane surface area can 
be increased, enabling an improvOTent in processing 
ability, and in the case of cleaning via methods such as 

20 air scrubbing, water and air can move easily between 
the hollow fber membranes 3. enabling efficient clean- 
ing of the membrane surface. 
[0009] However, with the manufacture of this type of 
hollow fber membrane module 50. in order to fix the 

25 hollow fibers 3a to the collector pipes 1 and then open 
both ends of the fbers. the two ends of the hollow fbers 
3a must first be fixed in place using the fixing resin 2. 
and the ends of the hollow fiber membrane 3 then 
opened by inserting a special cutting tool inside the ool- 

30 lector pipe 1 and cutting the fixing resin and the ends of 
the hollow fber membrane 3. Consequently, it has been 
impossible to obtain hollow fber membrane modules 
with long length collector pipes 1. Furthernrrore. collec- 
tor pipes 1 with large outside diameters have also been 

35 necessary, which have resulted in a decrease in the 
pressure tightness of the hollow fiber membrane mod- 
ule 50. and moreover in those instances where a hollow 
fber membrane module unit is assennbled by layering a 
plurality of hollow fiber membrane modules 50, the iay- 

40 ering ratio per unit volume within the hollow fber mem- 
brane nxxlule unit also decreases. 
[0010] In recent years because the installation of 
apparatus in purification tanks has fallen greatly in price 
and the construction period can be shortened, purifica- 

45 tion tanks made of FRP are becoming widespread. 
[001 1 1 FIG. 6 shows an example of a purification tank 
made of FRP, with numeral 70 denoting the purification 
tank. The purification tank 70 is a cylinder made of FRP, 
the inside of which provides an effective depth of 

so greater than 1 .6m which can be filled with the water to 
be processed. The purification tank 70 is buried in the 
ground with a cylindrical manhole 71 provided on the 
upper surface of the tank, and the top edge of the man- 
hole opened so that the open portion sits above ground 

65 level. The outside diameter of the manhole 71 should be 
at least 600mm. 

[0012] With the spread of purification tante made of 
FRP. it might be e)q:>ected that the use of hollow fber 
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membrane module units like those desaibed abov , 
which display excellent filtration processing capabilities, 
as the membrane processing fOtration devices inside 
purification tanks of FRP would be extremely beneficial, 
but because in the purification tank 70 described above 
the manhole 71 is the only opening available for the 
installation or exchange of filtration processing devices, 
purification of drain water using the hollow fiber mem- 
brane module unit described above woukJ require a 
restriction on the size of the hollow fiber membrane 
module unit, in order to allow for installation inside the 
tank. Furthermore, even allowing for the size restriction, 
a filtration processing device wouki have to filter at least 
for a tank for five family (1m^/day), and with conven- 
tional hollow fiber membrane nxxlute units there would 
be diffcutties with both size and the layering ratio, 
meaning that installation into purification tanks where 
there are size restrictions, as in the case of tanks made 
of FRP, has been problematic. 
[0013] Consequently, it is an object of the present 
invention to provide a highly integrated and very pres- 
sure tight hollow fiber membrane module and hollow 
fiber membrane module unit as filtration processing 
devices, which can be used even in cases where size 
restrictions exist, as in the case of purifk:ation tanks 
made of FRP. and to also provide a purification tank with 
a hollow f ber membrane module unit installed therein. 

Disclosure of Invention 

[0014] In order to address the problems outlined 
above, then with the invention according to claim 1 , with 
a hollow f ber membrane module in which at least one 
end of a hollow fiber membrane is fixed with a fixing 
resin to a collector pipe in a fluW tight manner, the con- 
struction is such that an open ended tip of the hollow 
fiber membrane is inserted into an aperture provided in 
the collector pipe, and in this condition, fixing resin is 
filled into the aperture and allowed to harden, thereby 
securing the open ended hollow fiber membrane to the 
collector pipe. 

[0015] With the hollow fiber membrane rrxxiule 
according to claim 2. a weir is provided at a peripheral 
portion of the aperture of the collector pipe. 
[0016] With the hollow fber membrane rrxxlule 
according to claim 3, for the collector pipe, one with an 
outsKle diameter of 5-30mm and a length of 
30-2000mm is used. 

[0017] With the hollow fber membrsme nxdule 
according to daim 4, for the fixing resin, one with an ini- 
tial viscosity of 150'-450cP& is used. 
[0018] With the hollow fiber membrane module 
according to daim 5, for the fixing resin, polyurethane 
resin is used. 

[0019] With the hollow fber membrane module 
according to claim 6. for the hollow fiber membrane, 
knitted fabric of hollow f bers is used. 
[0020] With the hollow fber membrane nxxlule 



according to daim 7, a membrane length of the hollow 
fber membrane is In a range of 100-2000mm. 
[0021] With the hollow fiber membrane nrxxlule unit 
according to daim 8, the construction is such that a plu- 

5 rality of the hollow fber nienrbrane modules according 
to any one of daim 1 through daim 7 are positioned 
proximately and integrated together by connecting the 
collector pipe of each module to a collector header, 
such that filtered liquid inside a hollow fiber membrane 

10 passes through an internal passage inside the collector 
pipe and drains into the collector header. 
[0022] With the holksw fiber menrbrane module unit 
according to daim 9, the construction is such that a plu- 
rality of the hollow fiber membrane modules according 

IS to any one of daim 1 through daim 7 are positioned 
proximately and integrated together by connecting the 
collector pipe of each module to a collector header and 
by means of a support column and a shiekj plate, such 
that filtered liquid inside a hollow fber membrane 

20 passes through an intemal passage inside the collector 
pipe and drains into the collector header. 
[0023] With the purification tank according to daim 1 0. 
the construction is such that a hollow fber membrane 
module unit according to claim 8 or daim 9 is disposed 

25 thereinside. the hollow fber membrane module unit 
being disposed inside the purification tank such that the 
collector pipes of the holbw fiber menrbrane modules 
and the menbrane surface of the hollow fber mem- 
branes are vertical in relation to the water surface, and 

30 the size of the hollow fber membrane nxxlule unit is 
specified by a length (A) of the unit along the direction of 
the hollow fber menbrane module layering being within 
a range 20-500mm, a length (B) of the unit in a direc- 
tion along the length of the hollow f bers of the hollow 

35 fber menrbrane modules being within a range 
lOO-SOOmm. and a length (C) of the unit in a direction 
along the length of the collector pipes of the hollow fber 
menbrane nrxxlules being within a range 
100- 1500mm. 

40 [0024] With the purif ication tank according to claim 1 1 , 
the construction is such that a hollow fber membrane 
module unit according to claim 8 or daim 9 is disposed 
thereinside. the hollow fber membrane module unit 
being disposed inside the purification tank such that the 

45 collector pipes of the hollow fiber membrane modules 
lie horizontally, and the menrbrane surface of the hollow 
fbers are vertical in relation to the water surface, and 
the size of the disposed hollow fber membrane nrxxlule 
unit is specified by a length (A) of the unit along the 

50 direction of the hollow fber menbrane module layering 
t>eing within a range 20-500mm, a length (B) of the unit 
in a direction along the length of the collector pipes of 
the hollow fber membrane modules being within a 
range 100-500mm. and a length (C) of the unit in a 

55 direction along the length of the hollow fbers of the hoi- 
tew fiber membrane modules being within a range 
100- 1500mm. 

[0025] Wrth the purification tank according to claim 1 2. 
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a drffuser tube is secured integral with the hollow f ber 
membrane module unit disposed inside the tank. 

Brief Description of the Drawings 

[0026] 

FtG. 1 is a perspective view showing an example of 
a hollow fiber membrane module of the present 
invention; 

FIG. 2 and FIG. 3 are both cross-sectional views 
showing sample constructions of a collector pipe of 
a hollow fiber membrane module of the present 
invention; 

FIG. 4 is a cross-sectional view showing an exam- 
ple of a hollow fiber membrane module unit of the 
present invention; 

FtG. 5 is perspective view showing an example of a 
collector header of a hollow fiber membrane mod- 
ule unit of the present invention,: 
FIG. 6 is a schematic view showing a method for 
positioning a hollow fiber membrane module unit of 
the present invention Inside a purification tank: 
FIG. 7 and FIG 8 are both perspective views show- 
ing examples of hollow fber membrane module 
units of the present invention; and 
FIG. 9 is a perspective view showing an example of 
a conventional hollow fber membrane module. 

Best Mode for Canyrng Out the Invention 

[0027] The present invention is explained in detail 
below with reference to the appended drawings. 
[0028] FIG. 1 shows an example of a hollow fber 
membrane module of the present invention. FIGS. 2 
and 3 both show cross-sectional views of the construc- 
tion of the collector pipe portion of a hollow fber mem- 
brane module of the present invention. A hollow fber 
membrane module 51 is constructed of collector pipes 
11 , a fixing resin 1 2, and a hollow fber membrane 1 3. 
[0029] The aforementioned collector pipe 11 is a cyl- 
inder with an internal passage inside and an open pipe 
14 provided at least one end of the cylinder. Further- 
more, a slit shaped aperture 15 is located along the 
length of the outside wall of the collector pipe 1 1 . 
[0030] The collector pipe 1 1 can be made of any 
material which displays adequate mechanical strength 
and durability, and suitable materials include polycar- 
bonates, polysutfones. polyolefins. polyvinyl chloride, 
acrylic resins. ABS resins and modified PPE resins, but 
the use of hydrocartx)n based resins is desirable, as 
they can fc>e incinerated following use and will undergo 
complete combustion without releasing toxic gases. 
[0031] In order to increase the degree of integration, 
provide the strength required to allow suction by a vac- 
uum pump, ensure low resistance to fluid f k>w through 
the Intemal passag of the c II ct r pipe 1 1 , and avoid 
difficulties in processing, the outside diameter of the col- 



lector pipe 11 should preferably be in the range 
5-30mm. and the I ngth in the range 30-2000mm. Fur- 
thennore. there are no parttoular restrictions on the 
thkdcness of the collector pipe provided the above 
5 requirements are met. but thickness of 1 -5mm are pref- 
erable. 

[0032] Furthermore, the collector pipes 1 1 shown in 
the figure are cylindrical, but the invention is not limited 
to this shape, and for example pipes with a square 

10 shaped cross-section could also be used. 

[0033] Following insertion of the open ended tip of the 
hollow fber membrane 13 into the aperture 15 kx^ated 
in the collector pipe 1 1 . the hollow fber membrane 1 3 is 
fixed and supported firmly in place by pouring a fixing 

IS resin 12 into the aperture 15. and then hardening the 
resin. The aperture 15 should preferably be of a width 
which allows the hollow fber membrane 13 to be 
inserted from the outside of the aperture, and will then 
hold the hollow fber membrane 13 with sufficient crimp- 

20 ing force that the hollow fber merrbrane 1 3 will not pull 
out. and although this width will vary deperxiing on the 
outside diameter of the hollow fibers 13a. values in the 
range 0.3-5mm are preferable. Widths within this range 
enable each of the hollow fbers 13a which constitute 

25 the hollow fber membrane 13 to be arranged orderly 
and easily to one line. If the hollow fber merrbrane is 
fomned disorderly with the hollow fibers 13a not lining 
up. then adhesion of sludge can cause a plurality of hol- 
low fibers 13a to cohere together into a single mass. 

30 causing a decrease in the effective surface area of the 
separation membrane and a subsequent lowering in the 
separation properties. In those instances where the 
wklth of the aperture 15 is narrow and insertion of the 
hollow fiber men^rane 13 is diffnuK. a devk;e to wkJen 

35 the aperture during insertion of the membrane can be 
used. 

[0034] The collector pipe 11 shown in FIG. 3 has a 
weir 16 formed around the perimeter of the aperture 15 
of the collector pipe 11 described above. The collector 

40 pipe 1 1 used can be of this type of construction, with a 
weir 16. The weir 16 is provided so that when the fixing 
resin 12 is poured into the aperture 15 and hardened, 
the resin 12 is less likely to flow out over the external 
surface of the collector pipe 1 1 . 

45 [0035] TTie fixing resin 12 which is used to fill the aper- 
ture 1 5 binds and fixes each of the holkw fbers 1 3a into 
the aperture 15 while retaining the open ended nature 
of the tips of the fbers. and also closes off the intemal 
passage of the collector pipe 1 1 making it fluid tight from 

so the outeide. 

[0036] Examples of suitable fixing resins 12 include 
epoxy resins, unsaturated polyester resins, pdy- 
urethane resins, silicone based fillers and various hot 
melt resins. Of these, polyurethane resin is particulariy 

55 suitable as the fixing resin 1 2 as it contracts little during 
hardening and furthemwre the additives incorporated in 
the polyurethane resin ar not prone to dissolving in the 
filtrate. 
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[0037] Furthermore, it is preferabl t use a fixing 
resin 12 which has an initial viscosity of 150-450cP& If 
the initial viscosity of the fixing resin 12 is less than 
ISOcPs then the likelihood increases of the fixing resin 
12 leaking from the aperture 15 into the inside of the 
collector pipe 11 during the pouring of the resin 12 into 
the aperture 15, whereas if the initial viscosity exceeds 
450cP8 the impregrration of the fixing resin 12 into the 
hollow fber membrane 13 is insufficient and the likdi* 
hood of leaks increases. Tlie viscosity of the fixing resin 
12 can be adjusted to ensure a value within the afore- 
mentioned range, by controlling factors such as the 
reactivity for thermosetting resins, and factors such as 
tenrtperature for thernrx)plastic resins. 
[0038] Furthermore, it is even more desiratsle if ten 
minutes after application at the aperture 15 the viscosity 
of the fixing resin 12 increases to a value in the range 
700^1 SOOcPs. 

[0039] A variety of materials can be used as the hol- 
low fiber membrane 13. including various materials 
based on cellulose, polyolefins. polyvinyl alcohol, 
polymethyl methaaylate and polysulfones. Of these, 
materials based on polyethylene and polypropylene, 
which are highly ductile, are particularly suitable. 
[0040] Furthermore, although there are no particular 
restrictions on the form of the hollow fibers, hollow fibers 
13a of outside diameter 20~2000^m. pore diameter of 
0.01 -Vm and porosity of 20-90%. and hollow fiber 
membranes 13 of membrane thickness of S-SOOfim are 
preferable. 

[0041] The hollow fbers can be arranged when the 
hollow fiber membrane 13 is inserted into the aperture 
15. but by using a single piece of knitted fabric where 
the hollow fibers act as the weft, or alternatively using a 
layered material oonprising a plurality of layers of such 
knitted fabric, the fixing of the hollow fiber membrane 1 3 
to the collector pipe 11 can be carried out quite easily 
and a hollow fiber membrane nxxlule 51 with the 
desired membrane surface area can be constructed 
easily and efficiently. 

[0042] Furthermore, a single hollow fiber membrane 
sheet where a portion of the membrane wall of a hollow 
fiber membrane 13 is adhered to a side surface of an 
adjacent hollow fiber membrane, or alternatively a lay- 
ered material comprising layers of a plurality of such 
hollow fiber membrane sheets can also t>e used. 
[0043] What IS refen-ed to above as a layered material, 
includes a piece of knitted fabric which is folded over at 
a suitable length and layered without cutting. The 
number of layers of knitted fabric will vary depending on 
the thickness of the knitted fabric, namely the outside 
diameter of the hollow fibers and the number of strand 
in the hollow fiber membrane during the production of 
the knitted fabric, but typically about 5 layers is prefera- 
ble. 

[0044] FurthernrK)re. the length of the hollow fiber 
memkxBne 13 sh uld pr ferabty be in the range 
100-2000mm. with values between 200- 1000mm 



being even more desirable. Hollow fiber membrane 
lengths within this range will acconvnodate the com- 
pacting of a hollow fit>er membrane module unit pro- 
duced by layering hollow fb r membrane modules 51. 
5 and generate a product with sufficient f Dtration process- 
ing capafcMlity. 

[0045] There are no particular restrictions on the 
shape of the hollow fber membrane 13. provided the 
hollow fber membranes 13 do not cohere together into 

10 a mass and can be easily fixed to the collector pipes 1 1 . 
[0046] The method for fixing the hollow fber mem- 
brane 13 to the collector pipe 11 involves first pre-cut- 
ting and opening up the tip of the hollow fitter membrane 
1 3 which is to be inserted into the aperture 1 5 of the coi- 
rs lector pipe 1 1 . In the case where the tips of both ends of 
the hollow fber membrane 13 are to be inserted into a 
collector pipe 1 1 . both tips are cut an6 opened up. This 
method allows a reduction in the number of steps 
required in the production of a hollow fber memkxane 

20 module in comparison with conventional methods. 
[0047] Next at least one tip of the hollow fber mem- 
brane 13 is inserted into the aperture 15 in the collector 
pipe 11 so that the openings at the tips of the fbers are 
k)cated inside the internal passage of the collector pipe 

25 1 1. and then as is shown in FIGS. 2 and 3. liquid fixing 
resin 12 is poured from outside the collector pipe 1 1 into 
the aperture 15 and then hardened, thus fixing the hol- 
low fber membrane 13 in place. During this process, if 
as is shown in FIG. 3. the collector pipe 1 1 is fitted with 

30 a weir 16, then the fixing resin 12 can be stored inside 
the weir 16 and hardened. With tNs type of configura- 
tion, when the fixing resin 12 is poured into the aperture 
1 5. it will be unlikely to flow out over the extemal surface 
of the collector pipe 1 1 . and will t>e more easily impreg- 

35 nated into the surface of the hollow fiber membrane 1 3. 
[0048] Following the insertion of the pre-cut and 
opened tip of the hollow fber membrane 13 into the 
aperture 15 of the collector pipe 11, the portion of the 
hollow fber membrane 13 at the aperture 15 is fixed in 

40 place with the fixing resin 12. and so the requirement in 
conventional methods of cutting the resin fixed portion 
of the tip of the hollow fber membrane 13 from inside 
the collector pipe 11 disappears. Consequently, the 
diameter of the collector pipe 1 1 can be reduced, ena- 

45 bling an increase in the pressure tightness of the hollow 
fiber membrane nxxJule 51. Furthermore, it also ena- 
tAes the collector pipe 1 1 to be lengthened. 
[0049] Because narrcwing the diameter and increas- 
ing the length of the collector pipe 1 1 makes it possible 

so to increase the integration in those instances where a 
plurality of hollow fiber membrane modules 51 are lay- 
ered to generate a hollow fber membrane module unit, 
production of a compact hollow fber membrane module 
unX with good pressure tightness and filtration capabili- 

55 ties properties becomes possible. 

[0050] FKB. 4 shows an example of a hollow fiber 
membrane module unit of the present invention. With 
the hollow fiber membrane nrKxiule unit 61 , a plurality of 
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the hollow fiber membrane modules 51 described above 
are positi ned proximately arxj then integrated together 
by connecting the collector pipe 1 1 of each nradule to a 
collector header 17. 

[0051 ] FIG. 5 shows an example of a collector header 
17 of the hollow fiber membrane nrxxJule unit 61 
described above. The collector header 17 is a tube 
which has a plurality of connecting apertures 17a for 
interconnecting with the pipes 14 of the collector pipes 
1 1 of the plurality of hollow fiber membrane modules 51 , 
and the inside of which is equipped with a guide tube 
through which the filtrate flows. The interconnecting 
apertures 17a connect with a plurality of hollow fber 
membrane nrxxJules 51 integrating and holding the 
modules together. Furthermore, the guide tube con- 
nects through to the extemal surface of the collector 
header 17 and acts as the suction port 18 to which a 
suction pump is connected. 

[0052] A manifold type shaped collector header which 
enables the sinrple connection and fixing of a plurality of 
hollow fiber membrane rrxxiules 51 is desirable, but 
there are no particular restrictions on the shape pro- 
vided the configuration enables the removal of the fil- 
trate from the hollow fiber membrane modules 51 . 
[0053] Furthermore, with the hollow fiber membrane 
nxxJule unit 61 shown in FIG. 4 the tips of one end of the 
collector pipes 1 1 of each hollow fiber membrane mod- 
ule 51 are held together by the collector header 17. but 
a construction where both ends of the collector pipes 1 1 
are held by collector headers 17 is also possible. With 
such a construction, a suction port 18 must be provided 
at least on the collector header 17 connected to the 
pipes 14 of the collector pipes 1 1 . 
[0054] As described above, the hollow fber mem- 
brane module unit 61 of the present invention com- 
prises a plurality of the hollow fiber membrane modules 
51 described above positioned proximately and then 
integrated and held together by a collector header 17, 
and so it is appropriate for miniaturization an6 displays 
good pressure tightness and filtration processing capa- 
bilities, while also allowing simple exchange of the hol- 
low fiber membrane modules, and can thus be used 
very effectively in purification tanks. 
[0055] FIG. 6 shows an example of a purification tank 
of the present invention. The purification tank 70 is a 
small scale combination purification tank with the main 
body of the tank being made of FRP and the inside of 
the tank holding water for processing of at least 1 .6m in 
depth. Typically. In order to enable the purification tank 
70 to be buried in the ground, a cylindrical manhole 71 
is provided as a connecting passage to the ground sur- 
face. Furthermore, a hollow fiber membrane nxxlule 
unit 62 is positioned inside the tank at a position below 
the manhole 71 to act as the membrane separation 
device. The hollow fber menrbrane module unit 62 can 
be located in a single stage as shown in the figure, or 
altematively a plurality of units can be layered vertically 
on top of one another. 



[0056] Inthos cases where a hollow fber menrbrane 
nxxlule unit 62 is located in the purification tank 70. fol- 
lowing positioning inside the purification tank 70. main- 
tenance of the internal device is only possible via the 

s manhole 71. Consequently, the size of a hollow fiber 
menbrane nrxxlule unit 62 to be installed inside a tank 
is adjusted to con-espond with the amount of processing 
desired and the space available for locating the unit. 
[0057] Generally, the smallest manhole 71 would be of 

10 outside diameter 600nrtm. Consequently, the size of the 
holk>w fber membrane nrtodule unit 62 must be suffi- 
ciently small to allow insertion through a manhole 71 of 
outside diameter 600mm. The hollow fber membrane 
nxxlule units 62 of the present invention can be con- 

75 structed at a size sufficiently small to enak)le positioning 
through a manhole 71 of minimum outside diameter of 
600mm. 

[0058] FIG. 7 shows an example of a hollow fber 
membrane module unit to be positioned inside the 

20 aforementioned purification tank. The hollow fber mem- 
brane nrKxjule unit 62 has the same structural parts as 
the hollow fber membrane module unit 61 of the 
present invention described above, but in order to make 
the unit more corrpact to fit the purification tank 70. it is 

25 preferable that the unit incorporates support columns 29 
and shield plates 20. 

[0059] A plurality of hollow fber membrane modules 
52 are arranged in the hollow fber membrane nxxlule 
unit 62, which is a rectangular parallelepiped, the shape 

30 Of which is maintained by the collector header 27. the 
support columns 29 and the shield plates 20, and the 
unit is positioned inside a purification tank so that the 
collector pipes 21 of the hollow fber membrane mod- 
ules 52 and the memtvane surfaces of the hollow fber 

35 menrbranes 23 lie vertically. 

[0060] The rectangular parallelepiped shaped hollow 
fber menrbrane module unit 62 is constructed so that a 
length (A) of the unit along the direction of the hollow 
fber membrane nxxiule 52 layering is within a range 

40 20-500nfmi. a leng^ (B) of the unit in a direction along 
the length of the hollow fber menrbrane 23 of the hollow 
fber membrane modules 52 is within a range 
100-500mm. and a height (C) of the unit in a direction 
along the length of the collector pipes 21 of the hollow 

45 fber membrane modules 52 is within a range 
100- 1500mm. 

[0061 ] The length (A) of the unit will be determined by 
the outside diameter of the collector pipes 21, the dis- 
tance between adjacent collector pipes, the outside 

50 diameter of the support columns 29. the distance 
between the support column 29 and the adjacent collec- 
tor pipe 21. the length of the collector header 27. and 
the thickness of the shield plates 20. The length (B) of 
the unit will be determined by the distance between the 

55 two opposing collector pipes 21 of the hollow fiber mem- 
brane module unrt 62. that is. the length of the hollow 
fber membrane 23. Th h ight (C) of the unit will be 
determined by the lengths of the collector pipes 21 and 
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the SLpport columns 29, and the utside dimension of 
the coHector header 27. The rail size of the hollow 
fiber membrane module unit 62 will be determined by 
adjusting the three inter-related dimensions appropri- 
ately. 5 
[0062] The unit height (C) and unit length (A) of the 
hollow f iber membrane module unit 62 will be related to 
the size of the collector pipes 21. but as described 
above, in the hollow fiber membrane nxxiutes 52 of the 
present invention the diameter of the collector pipes 21 io 
can be reduced considerably, enabling a compact hol- 
low fiber membrane nrKXiule unit 62 to be constructed 
within the akxsve size restrictions by layering a series of 
hollow fiber membrane nxxlules. 

[0063] In the hollow fiber membrane module unit 62 is 
described atx>vet the hollow fiber membrane nxxjules 
52 are positioned in parallel, the plurality of collector 
pipes 21 and the membrane surfaces of the hollow fber 
memkxanes 23 are positioned vertically with respect to 
the water surface in the purification tank 70, and both 20 
tips of the collector pipes 21 on either side of the mem- 
brane are connected to the collector header 27. Each of 
the pipes of the collector pipes 21 connect through to 
the inside of the collector header 27. 
[0064] The number of hollow fiber membrane nrxxlules 25 
52 used will be determined by the degree of integration 
deemed necessary in the hollow fiber membrane mod- 
ule unit 62. For example, the standard displacement vol- 
ume from filtration processing on a purification tank 70 
for five family is Im^/day. The men*rane surface area 30 
of hollow fiber membrane required to achieve this 
anx)unt of filtration processing will be Sm^ assuming the 
filtration processing capability of the hdlcw fiber mem- 
brane used is 0.2nrt/day (mW/day). Consequently, a 
plurality of hollow f iber membrane modules 52 are inte- 35 
grated into the hollow fiber membrane module unit 62 to 
ensure that the membrane surface area of the hollow 
fiber menrisranes 23 totals 5m^. 
[0065] A suction port 28 for connecting to an external 
suction pump is provided in the central region of the col- 40 
lector header 27, on the opposite face from where the 
collector pipes 21 are connected. The suction port 28 is 
provided at least on the collector header 27 to which 
pipes from the collector pipes 21 are connected. 
[0066] Furthermore, the support columns 29 are 45 
located at either end of the collector headers 27, at the 
four corners of the hollow fil>er membrane nruxlule unit 
62. The support columns 29 f ix the collector headers 27 
in place and also support the hollow fiber membrane 
module unit 62. Provision of the support columns 29 50 
enables sufficient strength to be maintained in the hol- 
low fiber menrbrane nxxJule unit 62. 
[0067] t^oreover. the plate shaped shieM plates 20 
which sit parallel to the hollow fiber membranes 23 are 
provkled at both side of the hollow fiber menr*)rane S5 
module unit 62. where the support columns 29 are 
located. 

[0068] The shieki plates 20 are provided so that dur- 



ing air scrubbing of th h llow fa3er membrane module 
unit 62 the air does not leak outside of the h How fiber 
membrane module unit 62. but hits the hollow fiber 
menrisranes 23 effict ntly and in suffictertt amounts to 
ensure that the cleaning progresses smoothly. 
[0069] When a hollow fiber membrane module unit 62 
is used for filtration processing, cleaning by air scrub- 
bing is used to remove sludge adhered to the hollow 
fiber membranes 23 and improve the filtration rate. Con- 
ventionally, this type of cleaning has involved the disper- 
sion of air bubbles from an air dtffuser located at the 
bottom of the purification tank, where the rising of these 
air bibbles causes the hollow fiber membrane to oscil- 
late. This oscillation causes the hollow fbers to rub 
against each other, and also causes the hollow fibers to 
move relative to the water, which removes the sludge 
adhered to the surface of the hollow f ber membrane. In 
this case, when a hollow fiber membrane module is 
attached to an air diffuser, alignment is conducted at the 
site where the system is to be used. 
[0070] With the present invention, in order to negate 
the necessity for this operation, it is preferable that a dif- 
fuser tube is positioned in advance at a point below the 
hollow fiber membrane module unit 62. This removes 
the necessity of aligning the diffuser tube, and enables 
the hollow f ber membrane nwdule unit 62 to be lowered 
through the manhole 71 and positioned easily in the 
purification tank 70. 

[0071 ] Operation of the hollow f ber membrane mod- 
ule unit 62 involves connectton of the hollow fiber mem- 
brane nx)dule unit 62. which is positioned inside the 
purification tank 70. to an external suction pump via the 
suction port 28 on the collector header 27, and then 
activating the suction punrp to carry out suction filtra- 
tion. Furthermore, suction filtration can also be con- 
ducted without using a suction pump, by connecting the 
suction port 28 to a location lower than the water level 
inside the purification tank 70 and using the difference 
in head pressure to provide the suction. 
[0072] The water to be processed is filtered by the hol- 
low f ber membranes 23 of the hollow f ber membrane 
module unit 62. and the filtrate then passes through the 
piping of the collector pipes 21 . drains into the collector 
header 27. through the suction port 28 and is dis- 
charged to outside of the purification tank 70. 
[0073] Further nx)re. in order not to reduce the filtra- 
tion processing rate of the hollow f ber membrane mod- 
ule unit 62 inside the purification tank 70. the air 
scnbbing cleaning process descrik)ed above for remov- 
ing sludge adhered to the hollow f ber membranes 23 of 
the hollow f ber membrane nrxxlule unit 62 is carried out 
concunrently with the filtration process. 
[0074] With a purification tank 70 of the present inven- 
tion, because a hollow f ber merrbrane module unit 62 
of a size which is corrpatible with the aforementioned 
FRP style purif k:ation tank is constructed and then posi- 
tioned inskle the tank, the filtration processing capability 
IS high, and exchange and maintenance of the hollow 
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fiber merr^rane module unit 62 can be conducted via 
the manhol 71 , making the configuration very suitable 
as a filtration processing device for highly polluted 
water. 

[0075] FIG. 8 shows another exanple of a hollow f ber s 
membrane module unit, to be positioned inside a purifi- 
cation tank 70 of the present invention. A hollow fber 
membrane module unit 63 comprises a plurality of hol- 
low fiber membrane modules 53 and is positioned 
inside the purification tank so that the collector pipes 31 io 
of the hollow fber membrane modules 53 lie horizon- 
tally and the membrane surface of the hollow fiber mem- 
branes 33 are vertical in relation to the water surface. 
The hollow fber membrane module unit 63 is a rectan- 
gular parallelepiped, the shape of which is maintained is 
by collector headers 37, support colunvis 39 and shield 
plates 30. The construction members of the unit are the 
same as those shown in FIG. 7 for the hollow fiber menv 
brane module unit 62. 

[0076] The rectangular parallelepiped shaped hollow 20 
fiber membrane nrvxdule unit 63 is constructed so that a 
length (A) of the unit along the direction of the hollow 
fiber membrane module 53 layering is within a range 
20-500mm, a length (B) of the unit in a direction along 
the length of the collector pipes 31 of the hollow fber 2S 
membrane modules 53 is within a range 100-500mm. 
and a length (C) of the unit in a direction along the 
length of the hollow fiber menrbranes 33 of the hollow 
fiber menrbrane modules 53 is within a range 
100-1 500mm. 30 
[0077] The length (A) of the unit will be determined by 
the outside diameter of the collector pipes 31 , the dis- 
tance between adjacent collector pipes, the outside 
diameter of the support columns 39, the distance 
between a support column 39 and the adjacent collector 3S 
pipe 31, the length of the collector header 37, and the 
thickness of the shield plates 30. The length (B) of the 
unit will be determined by the lengths of the collector 
pipes 31 and the support columns 39, and the outside 
dimension of the collector header 37. The height (C) of 40 
the unit will be determined by the distance between two 
opposing collector pipes 31 of the hollow fiber mem- 
brane nxxlule unit 63, that is, the length of the hollow 
fber mOTbrane 33. The overall size of the hollow fber 
menrbrane module unit 63 will be determined by adjust- 4S 
ing the three inter-related dimensions appropriately. 
[0078] With the hollow fber menrbrane module unit 63 
described above, the collector header 37 is provided so 
that when the hollow fber membrane module unit 63 is 
positioned ir^ide a purification tank, the opening of the so 
suction port 38 of the collector header 37 points 
upward. 

[0079] Furthermore, the support columns 39 are 
located at either end of the collector headers 37. at the 
four corners of the hollow fiber membrane module unit ss 
63. 

[0080] Moreov r, the shield plates 30 ar pr vided at 
both SKle of the unit 63. in the same manner as for the 



hollow fiber menrbrane module unit 62. 

[0081] The use of these support columns 39 and 

shield plates 30 enables miniaturization of the hollow 

fber membrane module unit 63. 

[0082] The method for positioning the hollow fiber 

membrane module unit 63 in a purification tank and the 

method for usage thereof is the same as that described 

above for the hollow fber membrane nxxlule unit 62, 

with the exception that the direction in which the unit is 

positioned differs, and the effects which is the same as 

the hollow fiber menrbrane module unit 62 is obtained.. 

Industrial Applicability 

[0083] The hollow fber membrane nxxlule of the 
present invention enables a reduction in diameter of the 
collector pipes and displays excellent pressure tight- 
ness. Consequently, the hollow fib^ menrbrane nxxlule 
unit of the present invention, in which a plurality of nxxl- 
ules are layered, also displays excellent pressure tight- 
ness, has a high degree of integration, and displays 
excellent filtration processing capabilities, and moreo- 
ver is able to be miniaturized and positioned inskle a 
purification tank made of FRP. 
[0084] Furthemrx>re. with a purification tank of the 
presoit invention, the hollow fiber membrane module 
unit is designed to be of a size capat)le of being inserted 
and renrx>ved through the manhole of the tank and also 
have a high degree of integration, and so the purification 
tank displays good filtration processing capabilities and 
can be used very effectively in processing drain water. 
Particulariy in the case of small scale purification tanks 
or processing devices of FRP, the maintenance and 
attachment of the hollow fber menrbrane nrxxlule unit 
can all be performed via the manhole, meaning the unit 
can be used very effectively in the filtration processing 
of highly polluted water. 

Claims 

1 . A hollow fiber menrbrane module in which at least 
one end of a hollow fiber menrbrane with hollow f it>- 
ers deployed in a plane Is fixed with a fixing resin to 
a collector pipe in a fluid tight manner, wherein an 
open erxled tip of the hollow fit>er membrane is 
inserted into an aperture provided in the collector 
pipe, an6 in this condition, fixing resin is filled into 
the aperture and allowed to harden, thereby secur- 
ing the open ended hollow fber membrane to the 
collector pipe. 

2. A hollow fber membrane module according to 
daim 1 , wherein a weir is provided at a peripheral 
portion of the aperture of said collector pipe. 

3. A holbw fber menrbrane nrxxlule according to 
daim 1 or daim 2, wherein for sakl collect^' pipe, 
one with an outside diameter of 5-30mm and a 
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length of 30-2000mm is used. 

4. A hollow fiber membrane module according to any 
one of daim 1 through claim 3, wherein for said fix- 
ing resin, one with an initial viscosity of s 
ISO-ASOcPs is used. 

5. A hollow fiber membrane module according to any 
one of daim 1 through claim 4, wherein for said fix- 
ing resin, polyurethane resin is used. io 

6. A hollow fiber membrane module according to any 
one of daim 1 through claim 5. wherein for said hol- 
low fber membrane, Knitted fabric of hollow fibers is 
used. IS 

7. A hollow fiber membrane module according to any 
one of claim 1 through claim 6, wherein a menv 
brane length of said hollow fiber membrane is in a 
range of 1 00~2000mm. zo 

8. A hollow fiber membrane module unit, wherein a 
plurality of the hollow fiber men^rane modules 
according to any one of claim 1 through claim 7 are 
positioned proximately and integrated together by 2S 
connecting the collector pipe of each module to a 
collector header, such that filtered liquid inside a 
hollow fber membrane passes through an internal 
passage inside the collector pipe and drains into 
the collector header. so 



hollow fiber membrane oKxlutes being within a 
range 100~1500mm. 

11. A purHication tank with a hollow fiber membrane 
module unrt according to daim 8 or claim 9 dis- 
posed thereinside, wherein said hollow fiber mem- 
brane module unit is disposed Inside said 
purif ication tank such that the collector pipes of the 
hollow ifoer membrane modules lie horizontally, 
and the membrane surface of the hollow fibers are 
vertical in relation to the water surface, and the size 
of the disposed hollow fiber ment^rane nrxxJule unit 
is specified by a length (A) of the unrt along the 
direction of the hollow fiber membrane module lay- 
ering being within a range 20-500mm. a length (B) 
of the unit in a direction atong the length of the col- 
lector pipes of the hollow fber membrane modules 
being within a range 100-500mm. and a length (C) 
of the unit in a (firection along the length of the hol- 
low fibers of the hollow fiber membrane modules 
being within a range 100- 1500mm. 

12. A purification tank according to claim 10 or claim 
1 1 . wherein a diffuser tube is secured integral with 
the holkiw fiber membrane nxxlule unit disposed 
inside the tank. 
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9. A hollow fiber membrane module unit, wherein a 
plurality of the hollow fiber membrane nrxxlules 
according to any one of claim 1 through daim 7 are 
positioned proximately and integrated together by ss 
connecting the collector pipe of each module to a 
collector header and by means of a support column 
and a shield plate, such that f fltered liquid inside a 
hollow fiber membrane passes through an internal 
passage inside the collector pipe and drains into 40 
the collector header. 



10. A purification tank with a hollow fiber menrbrane 
nfKxlule unit according to claim 8 or daim 9 dis- 
posed thereinside. wherein said hollow f it>er mem- 45 
brane nKXtule unit is disposed inside said 
purification tank such that the collector pipes of the 
hollow fiber membrane nxxlules and the membrane 
surface of the hollow fber merrbranes are vertical 
in relation to the water surfece. and the size of the so 
hollow fiber membrane module unit is specified by a 
length (A) of the unit along the direction of the hol- 
low fber membrane module layering being within a 
range 20-500mm. a length (B) of the unit in a direc- 
tion along the length of the hollow f bers of the hd- 55 
low fiber menbrane modules being within a range 
lOO-SOOmm, and a length (C) of the unit in a direc- 
tion along the length of the collector pipes of the 
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